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ABSTRACT 
 
A study of historic examples of buildings that were designed for disassembly reveals a number of important 
lessons in the technology employed. These lessons can inform designers such that they may better design 
for disassembly to attempt to increase the rates of reuse and recycling in the building industry. 
 
INTRODUCTION 
 
Building obsolescence, in our industrialised society, is usually addressed by demolition, either of the 
whole building for replacement, or of parts of the building for upgrading or modernisation. The majority 
of this demolition results in building material being disposed of in landfills. This significant loss of 
building material and the associated embodied energy can be reduced if we replace the strategy of 
demolition with the strategy of disassembly. To achieve this we must first design and construct buildings 
to facilitate disassembly. This paper discusses some of the technical characteristics of a design for 
disassembly strategy. 
 
OBSOLESCENCE 
 
Current building procurement methods concern themselves with financing and designing buildings to 
achieve an economic return within a certain predetermined period of investment. This is the economic life 
of the building. Most buildings, however, have a significantly longer physical life, and most building 
components and materials have an even longer useful existence. At some point in the life of a building a 
decision is made for a part of the building, or the entire building, to be discarded or demolished. There are 
potentially five main reasons for this; 
 
 Locational obsolescence: the building's function is no longer appropriate or needed in its current 
location. 
 Functional obsolescence: the building's function is no longer needed within society. 
 Technical obsolescence: the building can no longer attain expected performance standards. 
 Physical obsolescence: the building or its components have fallen below acceptable standards of 
safety or amenity due to deterioration. 
 Fashionable obsolescence: the building no longer meets current standards of style and trend. 
 
All of these forms of obsolescence result in demolition in some form, and demolition as it is currently 
practiced results in the production of waste. 
 
In 1989, Australians disposed of 12.8 million tonnes of waste in landfills. Up to 15% of this was 
construction and demolition waste (Salomonsson & MacSporran 1994, p.1). These figures are similar for 
other industrialised countries (Nesmith 1993, p.18). 
 
In Australia there is an established industry dealing in reused and recycled building materials from 
residential demolition. Up to 90% of residential building materials and fitting can be, and often are, 
reused. 
 
In the demolition of CBD office buildings the percentages of recovered waste are however significantly 
lower. As little as 11% of demolition material is recovered for reuse. While some of the remaining 
material is reprocessed, the majority is neither reused nor recycled, but simply dumped into landfills 
(Salomonsson & MacSporran 1994, pp.5-7). One of the reasons for these alarmingly high rates of waste is 
the difficulty of disassembly and separation of materials and components. This difficulty in disassembly 
results in the process being too time consuming to be economical, and also results in impurities in the 
materials making them unsuitable for re-processing. 
 
This problem, of disassembly, is being investigated to some extent in industrial design, for example in 
automobiles, but has not yet been widely considered in the building industry. If re-using and recycling 
components and materials is a strategy to improve sustainability, then designing buildings for disassembly 
is surely a strategy for improving re-use and recycling. 
 
EXAMPLES 
 
Although design for disassembly is not a widespread practice in building design, there are some important 
historic and recent examples of buildings which have been designed for disassembly in an attempt to 
overcome, or reduce, obsolescence. From these examples we can discern certain characteristics that a 
building will have if it is to be successfully disassemblable. 
 
Firstly there is the issue of material selection. To facilitate assembly, disassembly, transport and handling, 
the materials should be light weight. This economy of material has long been understood by nomadic 
societies operating on the edge of survival. A nomadic lifestyle meant that people could only own as much 
as they could transport, so the familiar form of the tent represents one of our first attempts at overcoming 
locational obsolescence. A lightweight compressive frame and a tensile fabric or hide membrane could be 
easily disassembled and transported to a new site. Any of the building parts could also be easily replaced 
allowing a regular program of maintenance thereby reducing physical obsolescence (Hassanain and 
Harkness 1997, p.143). 
 
Next is the characteristic of separate structure and envelope. Traditional Japanese wooden architecture 
illustrates this principle well. Kiyonore Kikutake (1995, p.27) says 'Japanese wooden architecture . . . is a 
complete architectural system in which the expansion, remodelling, removal and reconstruction of 
buildings is possible according to life styles'. 
 
In traditional Japanese domestic buildings a system of primary framing members is placed according to 
structural requirements, then a system of secondary framing members is placed according to the 
functional requirements of the building. This secondary frame can be easily disassembled to make 
modifications to the floor plan to accommodate changes in the social structure of the inhabitants, thereby 
reducing functional obsolescence (Itoh 1972 p.43). 
 
The next characteristic, that of using low technology connection to reduce energy and material use, is also 
illustrated by a type of timber house, the prefabricated timber cottage. As early as 1624 the British were 
exporting prefabricated houses to their colonies (Guedes 1979, p.161). Brisbane's first house, the 
Commandant's cottage, was a prefabricated timber building brought from Sydney, though probably 
originally from Britain, and assembled in 1824 at Redcliff. When the settlement was relocated to the 
banks of the Brisbane River in the following year, the house was disassembled and re-erected on the 
corner of what are now William and Elizabeth streets (Steele 1975, pp.17-47). 
 
One of the most successful manufacturers of portable colonial cottages, as they were known at the time, 
was John Manning of London. A newspaper advertisement of 1837 describes the Manning Portable 
Colonial Cottage as 'manufactured on the most simple and approved principles . . . complete for 
habitation in a few hours of landing. They may be taken to pieces and removed as often as the 
convenience of the settler may require' (Herbert 1978, p.11). Manning's cottages, which were constructed 
of a timber frame and interchangeable wall panels, could be assembled and disassembled using just a 
wrench, a low technology solution allowing for minimal effort by unskilled labour to assemble or 
disassemble the building in a very short time, helping to avoid locational obsolescence. 
 
The Manning portable cottage also illustrates the characteristic of completeness in a building system, such 
that all site work that cannot be disassembled is kept to a minimum. In the case of the portable colonial 
cottage, with the exception of the foundations, no site work at all was required, as the entire cottage was 
pre-painted, with doors, windows, and locks fitted (Herbert 1978, pp.10-11). 
 
These portable cottages, originally in timber, and later in corrugated sheet iron, can be described as 
systems buildings. They are however designed on a closed system in which there is only one way in 
which the jig saw puzzle of parts can be assembled. This solves the problem of locational obsolescence, 
but a system that will solve functional or technical obsolescence should also allow for alternate 
arrangements of the parts. It should be an open system. This idea was illustrated dramatically when in 
1851 Britain hosted 'The Great Exhibition of the Works of Industry of All Nations'. This extravagant trade 
fare took place in London's Hyde Park in a temporary building which came to be known as the 'Crystal 
Palace'. In proposing to hold the great exhibition, it had taken considerable time and effort to convince 
Parliament and the public that the exhibition building would be temporary and would not permanently 
scar it's site in Hyde Park. It was extremely important that the finished building could be easily 
disassembled (Strike 1991, p.43). Joseph Paxton's design, which relied on a simple system of 
prefabricated units and repetitive construction techniques, could be built quickly, and disassembled 
quickly. Indeed, by 1854 after the exhibition, the building had been disassembled, transported and re-
assembled on a new site in Sydenham, and the open system of construction allowed the new building to 
be significantly altered. It included a cellar, was seven stories high at its tallest, and was substantially 
larger than the original, (Peters 1996, p.425). The buildings locational and functional obsolescence had 
been temporarily avoided. 
 
The crystal Palace's open system of construction also illustrates the characteristic of a standard module of 
construction related to the materials used. The completed building measured 563m long by 124m wide 
and was based entirely on a structural grid of 24ft. (7.32m),(Ogg 1987, p.64) generated from the 
maximum length of 16oz. glass available at the time, 49in., (Strike 1991, p.47). Cast-iron columns, set out 
on this grid, were bolted together from a limited combination of standard parts which could be combined 
to create different columns to suit different locations and structural requirements. 
 
This idea of a standard set of parts is the next characteristic of successful disassembly. In the Crystal 
Palace the standard columns were linked with standard trusses, of cast-iron, or wrought iron and timber, 
which were fitted into flanges on the columns and locked into place using wedges of cast-iron or timber, 
(Peters 1996, p.235). Prefabricated infill panels of timber, iron and glass completed the kit of parts and 
provided the structure with walls, floors and a roof. This building system of standard parts allowed for a 
fast and efficient construction sequence, and also facilitated the easy disassembly of the building, and its 
eventual re-assembly on another site. 
 
While this one-off design did utilise industrialised manufacturing processes, the real disassembly benefits 
of the characteristic of mass production are best illustrated when numerous buildings are made to the same 
design. One of the first mass produced disassemblable buildings was the Nissen Hut, and the larger 
Nissen Hospital Hut. Tens of thousands of these buildings were built during the First World War.  
 
While the completed hut measured twenty seven feet by sixteen feet and could accommodate twenty four 
men, it weighed only one ton and each component, when disassembled, was light enough to be lifted by 
only two men. Assembly could be completed by four men in just four hours using only a spanner 
(Mallory & Ottar 1973). The lessons learned from these and other military buildings was later applied in 
peace time to provide equally large numbers of mass produced prefabricated houses all across Europe. 
 
The importance of the sequence of assembly and disassembly is the next characteristic of successful 
disassembly. This is illustrated in the work of the 1960's group of architects known as Archigram, who 
brought us, among other unrealised schemes, the Walking City. This proposal for a forty story moving 
building is the ultimate in avoiding locational obsolescence. This scheme had grown from earlier designs 
for a Plug-in City. The Plug-in City is built on a large scale network-structure that contains services and 
transport corridors. A series of units, which are planned for obsolescence, are attached to the structure and 
manoeuvred and serviced by cranes. The units are arranged in a hierarchy according to expected 
permanence (Cook 1972, p36-50). This system of building disassembly allows all forms of obsolescence 
to be dealt with, and for those parts that require most frequent disassembly to be most accessible. 
 
The final characteristic is that of designing for disassembly on all levels, from the smallest scale of 
disassembling materials for recycling, through the disassembly of small components for re-use, up to the 
largest scale of disassembling whole building parts. One of the most recent examples of this holistic 
attitude to disassembly is the IGUS factory in Germany by Nicholas Grimshaw and Partners. This 
building, to house the production facilities of a plastic component manufacturer, has been designed for 
adaptability on every level. The clients required a large column free space that could be used to 
accommodate a variety of production lines that would change over time. The solution involves suspending 
the roof from a series of 40m high towers. The space below the modular roof is therefore free of structural 
columns. To avoid any permanent functional planning of this open, flexible space, all internal ancillary 
spaces, such as offices and toilets, are built as movable pods that have no fixed position.  
 
Large foot pads allow the pods to be positioned anywhere on the floor slab without special footings, and 
since all services, including drainage, are suspended from the ceiling there are no locational restrictions. 
Pods can be disassembled from their services, raised onto air-supported lifting devices, and towed into a 
new position using  the factory's own fork lift trucks. 
 
The external walls of the factory are made of removable and interchangeable panels, some glazed, some 
solid. Cladding panels are fixed using removable aluminium clamps which in turn are fixed to window 
mullions made from standard shelving uprights (Kronenburg 1996, pp.56-65). Since the building has been 
designed to be built in a number of stages to allow easy future expansion, this wall system will allow 
cladding materials to be disassembled and re-used in new locations. 
 
A similar example of removable cladding panels is evident in the pavilions of the Brisbane Exposition of 
1988. These 26 buildings were constructed using standard prefabricated light weight panels with 
interlocking tongue and groove joints that allowed easy disassembly from the steel structure after the six 
month event. All of the pavilions have since been relocated and adapted to new uses (EXPO 1991). 
 
CONCLUSION 
 
In summary, building obsolescence represents an enormous loss of building materials and the associated 
embodied energy. Building obsolescence can be avoided or reduced by making social changes and/or 
technical changes. One of the technical changes that seems to be most promising in terms of extending 
building life expectancy is the strategy of designing for disassembly. 
 
A study of existing and historic buildings that have been designed for disassembly reveals a number of 
characteristics that assist in the success of these building systems in reducing obsolescence. 
 
 The use of appropriate, light weight materials 
 Separation of structure and enclosure 
 The use of minimum technology solutions 
 Completeness of the  building system 
 Open rather than closed systems 
 A standard module of construction 
 A limited number of different standard parts 
 The use of industrialised mass production processes 
 The sequencing of disassembly 
 Disassembly at all levels, from materials recycling to whole building reuse 
 
While this list is not yet exhaustive, it does show ways in which design for disassembly can be 
implemented successfully to reduce locational, functional, technical, physical and fashionable 
obsolescence. While most of the examples discussed here had specific briefs that prompted their design, 
the principles involved could be applied on a more general basis. However, the strategy of designing for 
disassembly to enhance component re-use and material recycling has not yet been applied to the broader 
construction industry, even though the economic and environmental advantages are potentially 
considerable. 
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